Objectives: The aim of the study was to establish whether the driver's visual strategy may influence a driver's behavior to avoid a crash in a high-risk situation. Any published papers on drivers' visual strategies just before a crash were not found. Material and Methods: Tests were performed using a high-tech driving bus simulator. Participants comprised 45 men drivers, aged 43.5±7.9 years old, seniority as a bus driver of 13.3±8.6 years. The tests were preceded by medical examinations: general, neurological and ophthalmological. Each participant drove the same city route for approximately 40 min (entire route -ER). In the final phase, a collision situation was simulated (a phantom car blocked the participant's right of way). Driver's visual strategy was analyzed using the FaceLab device with 2 cameras during ER and just before collision. The field-of-view covered by camera 1 was divided into 8 regions, by camera 2 into 10 regions. The distribution of gazes in regions was a criterion of visual strategy. Results: Thirty-five drivers completed the simulated driving test, 14 escaped the collision, 21 crashed. These groups differed only in resting systolic blood pressure before the test. The analysis of covariance, after adjusting to this factor, indicated that during the ER visual strategy recorded by camera 1 did not differ between groups, in camera 2 the drivers in the crash group fixed their gaze more frequently (p = 0.049) in region 3 (close part of the road in front of the windshield). Just before the collision drivers who escaped the collision fixed their gaze significantly more often in region 6 (left side of the road) in camera 1 and in region 6 (in front of the windshield,) and region 10 (right side) in camera 2. Conclusions: The visual strategy has an impact on the road safety. The analysis of visual strategies may be a useful tool for the training of drivers. Int J Occup Med Environ Health 2019;32(2)
INTRODUCTION
Several factors have been shown to increase the risk of crashes, including road conditions due to heavy traffic, adverse weather conditions, road geometry, vehicle-related defects, and unsafe behavior by drivers and/or pedestrians/pedalcyclists [1, 2] . The group of people who most frequently use the roadway, and are therefore significantly exposed to traffic crashes, includes workers employed as drivers of motor vehicles (or professional drivers). Longdistance truck driving is one of the most dangerous occupations, saddled with the highest risk of crash. According to the Federal Motor Carrier Safety Administration, truck drivers in the United States are involved in about 10% of all fatal crashes [3] . Data from the police reports on traffic crashes in Poland in 2014 shows that unsafe behavior (drivers and/or pedestrians/pedalcyclists) was the most common cause of crashes (91% of the cases) whereas another 9% of crashes were attributed to vehicle-related defects and adverse weather conditions [4] . The latest available statistics in Poland indicated that bus drivers caused 347 (or 1.1% of the total) crashes in 2013. These statistics are not limited to Poland. Hassan et al. found that "driving behavior," especially in not respecting other road users, was the primary cause of crashes in the United Arab Emirates [5] . Data from the United States also indicates that unsafe driver's behavior is the primary contributing factor in crashes [6] [7] [8] .
Various studies have found that a driver's visual capacity is a major component of safe driving [6, 8] . In a study of 55-90-year-old drivers, Owsley found an increased crash risk at twilight, which was attributable to cognitive impairment but also impaired sensory capacity (i.e., lower visual acuity, deficient twilight vision, or limited field-ofview) [9] . Hazard perception tests (HPT) have been developed in a variety of formats, including those utilizing still images [10] [11] [12] or simulated plan views of potentially hazardous scenarios [13] , dynamic video sequences [14] [15] [16] and simulations [13] .
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Apparatus
The driving simulator used in the current study was built by ETC-PZL Aerospace Industries Co. Ltd., Poland. It enables full simulation of a bus driven in all kinds of different terrains, roads and weather conditions, car and pedestrian traffic flows, behavior of other road users, and vehicle defects. The main feature is a replication of a bus cabin (e.g., AUTOSAN LIDER 1010T) ( Figure 1 ). The cab is mounted on a mobile platform with 6 degrees of freedom, simulating the movements of the bus under real-world conditions. The simulator has a visualization system equipped with a screen that has a 180° horizontal field-of-view and 40° vertically (1024×768 pixel image resolution single channel graphic projectors). In addition, the cabin has a screen that simulates images seen in the rear-view mirrors (visualization on mirror-mimicking monitors).
Taylor et al. have found the use of appropriate on-road glance-monitoring technologies has greatly enhanced our understanding of drivers' visual behavior [28] . This knowledge has paved the way for significant improvements in road user safety. Studies using eye-tracking during simulated driving have been concerned primarily with differences in visual strategies by age [26, [29] [30] [31] , time of a day (day vs. night) [31] [32] [33] or driver steering responses [34] [35] [36] [37] [38] . Examination of the visual reaction (eye-tracking) in the case of drivers during dangerous situations, such as crashes or near-crashes is difficult because it is impossible to predict when such a situation will occur. Currently, driving simulators allow for accurate simulations of real-world driving conditions. Thus, this seems to be the optimal method for assessing a driver's behavior in dangerous situations on the road [39] . The use of the driving simulator allows for the driver to experience a dangerous situation which is very close to reality, and recording the driver's visual strategy before and during this situation. The results of simulation studies confirm the driver's behavior in a driving simulator is very similar to real-world driving [7] . The aim of the study was to test the hypothesis that the driver's visual strategy may have influence on the possibility of avoiding collision during a high-risk situation. In the review of the literature, the authors were unable to find published reports on drivers' visual strategies during a crash.
MATERIAL AND METHODS
Participants
The group of participants was comprised of 45 professional male city bus drivers. The average age of participants was 43.5±7.9 years old. The overall duration of employment was 24.5±9 years, out of which 13.3±8.6 years was as a bus driver. Participants were volunteers from a municipal bus company, with current medical examination to qualify for professional driving. burning, itching, sand, dryness, tearing, increased mucus, limitation in the movement of the eyelids, loss of focus, haze vision/sight/seeing in the day, vision disorder in the evening/at night. The symptoms were rated on a 4-point scale (0 -none and 4 -severe). The baseline eye examination involved the assessment of visual characteristics, such as visual acuity, field-of-vision, color vision, stereoscopic vision, twilight vision, sensitivity to glare and contrast sensitivity. The baseline examination was expanded to include additional tests to evaluate the contrast in photopic conditions and night vision. In addition, tests were conducted assessing the tear film on the driver's eyes: the Schirmer test evaluating the aqueous portion of the tear film and the test evaluating tear film stability -the Tear Stability Analysis System (TSAS). The medical examinations were performed on a non-work day and the simulator test took place on a separate nonwork day. The participants were informed that they should take a normal sleep and do not drink coffee or alcohol before the simulator test. The medical examinations and simulator test were performed after a normal night of rest. The sleep duration was evaluated on the basis of the self-report information received from participants. The test was always performed at the same time, during the morning hours, to avoid the influence of circadian cycles of various functions of the body on the test result. On the day of the simulator test, participants completed a short questionnaire to elicit information on the length of night sleep and subjective feeling of fatigue. They had also a second test of visual acuity, contrast examination in daylight, and examination assessing the tear film: Schirmer test and TSAS. After completing their simulator drive, participants completed all ophthalmic examinations described above, including: evaluation of symptoms and eye tests of visual functions (e.g., visual acuity, stereoscopy, field-of-vision, color vision, twilight vision, sensitivity to glare, contrast in different lighting conditions: sensitivity The protocol of the study Ethics The testing procedure was approved by the Regional Bioethics Commission of the Nofer Institute of Occupational Medicine in Lodz. The participants were informed about the purpose of the study and procedures of the test and gave their written consent to participate in the study. Participants were compensated according to rules applied in the Nofer Institute of Occupational Medicine for studies on volunteers.
Medical examinations
The tests on the bus simulator were preceded by general medical, neurological, and ophthalmological examinations. Results of neurological examinations are published elsewhere [40] . Participants underwent a general medical examination, including anamnesis with blood pressure measurement and a detailed interview regarding identified diseases; lifestyle and dietary habits; physical activity; intake of drugs, coffee, tea, alcohol, and smoking status. The condition of the nervous system was assessed on the basis of a clinical neurological examination, including questions regarding diagnosed diseases and subjective ailments related to the nervous system. In the participant-indicated headaches, the classification and criteria of the International Headache Society was applied [41] . During the physical examination, the state of the participants' intracranial nerves, locomotor, and sensory system and coordination of movements were assessed. Ophthalmological examinations included: evaluation of symptoms in the eye were conducted according to the prepared questionnaire and baseline eye examination. Questions related to vision, applied correction or spectacle lens, past injuries and inflammations of the eye or head, surgeries, ophthalmic diseases, and ophthalmologic drug use. In addition, participants were evaluated for any symptoms in the eye (e.g., eye pain, stinging), photophobia, redness, IJOMEH 2019;32 (2) 5 authors in the current study. The participant's detection field-of-vision was about 120°. The calibration process was followed by a procedure designed to synchronize the FaceLab, the Eye Works Record, CAPTIV systems, and the bus simulator. Programs for the oculographic analysis required the calibration before each test. In the calibration process the following was included: a set of cameras for eye movement recording infrared pod, 2 cameras and computer programs: FaceLab, Eye Works Record, CAPTIV, and the simulator software ( Figure 3 ). The CAPTIV system was the key element for the oculographic examination and assessment of driver behavior during the simulated driving test. This software allowed synchronization of data from the simulator (such as speed, braking, using the accelerator pedal, steering wheel, etc.) with data supplied by the FaceLab and the Eye Works Record systems. By combining this data, it was possible to obtain video recording data synchronized with driver gaze and simulator data. The FaceLab allowed us to perform the gaze tracking, which was estimated where a participant was looking. We adopted the distribution of the gaze in a particular region as a criterion of visual strategy. The FaceLab records the gaze as the eye movements stop over 17 ms. This choice allows for a meaningful analysis even for the very short periods of time. The measurement of the eye gaze to contrast, night vision, and tests assessing the tear film (Schirmer test and TSAS).
Simulator tests
Prior to the actual simulator drive, participants were instructed about the experiment procedure and were allowed to become acquainted with the bus simulator. This was followed by a 10-min orientation drive to familiarize the driver with how the simulator operated and the use of the vehicle controls. During the actual test each participant drove the same city route developed on the basis of realistic timetables. The route included 10 four-way crossings, 11 T crossings, 8 left branches, 8 right branches, 4 roundabouts, 40 pedestrian crosswalks, and 23 bus stops. The participants were instructed to follow a marked route (gray trail as shown in Figure 2 ) obey all traffic regulations, and stop at all the bus stops. Each simulator test lasted approximately 40 min, the exact duration of the test was dependent on the how fast each participant drove. At the end of the test, an imminent collision scenario was presented to the participant: a driver in a phantom car coming from a subordinate road failed to yield the right of way as the participant entered a roundabout. The time from the moment the participant entered the roundabout until the phantom car blocked the participant's right of way (initial time to collision -TTC) was about 20 s. It was assumed that TTC means reaction time. The collision situation was so arranged that the only defensive action of the driver was braking. The participant's visual strategy was assessed over the entire simulated drive. However, in the 20-s period during the imminent collision scenarios, the speed of bus prior to the collision and the reaction time between the start of the phantom car and the beginning of braking action were also recorded. Participant's visual strategy was captured using the methodology described by Rayner [42] and adapted by the 
Statistical analysis
The authors assumed that additional factors could potentially affect the different visual strategies of drivers. This was tested with an analysis of covariance (two-way analysis of variance with repeated observations with 1 factor -the camera) with an additional variable as covariance. The following methods were used in the statistical analysis. The Chi 2 test of independence or Fisher's exact test (depending on the expected frequencies in contingency table cells) for comparing the frequency of the incidence of smoking and drinking strong alcohol. The one-way analysis of variance for comparing the expected values of continuous variables (age, seniority, BMI, alcohol consumption in ml/month, number of hours of sleep per a working day, on a day off, heart rate, systolic and diastolic blood pressure). The two-way analysis of variance with repeated measures on 1 factor (group -crash/no-crash, gaze fixation) from the entire route (cameras 1 and 2), and data from 20 s before the collision (camera 1). The two-way analysis of covariance with repeated observations on 1 factor with systolic blood pressure as a covariate using data from 20 s before the collision (for camera 2), supplemented by an assessment of the simple effects in individual regions between the 2 groups of drivers. The authors used Bonferroni correction for multiple comparisons.
direction allows the FaceLab to accurately assess the visual behavior of the driver. The image displayed from 2 scene cameras covered the part of the visual field most important for driving, including the direct view through the windshield, the right side mirrors, and the upper part of dashboard. For the technical reasons of the organization of the bus cockpit, it was impossible to cover the entire field and therefore the gaze percentage registered is less than 100%. The image displayed from the scene cameras was divided by the Eye Works Analyze software into several smaller areas or "regions." The choice of regions was dictated by the interest of each region in the observation of the functional visual field. The image from the camera 1 represented the view in front of the driver (Figure 4) , which was divided into 8 regions. Thus, 3 regions represent the central vision, 2 lateral visions of 2 sides (left and right), and 1 region's vision on the dashboard. The image from the camera 2 represented the view to the right side of the driver and was partitioned into 10 regions ( Figure 5 ). The functional visual field through the windshield was divided into 3 parts: 1 central region and 2 side regions (each was divided into the upper and lower region of the field). Two other regions concerned both side mirrors and the other 2 parts of the visual field were portioned above and below the windshield ( Figure 5 ). Only 5 drivers (11%) were of normal weight (BMI ≤ 25), 23 individuals (50%) were overweight (25 < BMI < 30), and 18 participants (39%) were obese (BMI > 30). The no-crash group differed from the crash group mainly in the proportion of smokers. The percentage of smokers in the crash group was higher than in the no-crash group, but due to the small overall number of smokers (N = 2 vs. N = 9), the difference was not statistically significant. The groups did not differ significantly in age, length of employment (seniority), BMI, alcohol consumption, and duration of sleep. In medical examination, there were no significant differences in mean values of heart rate and diastolic blood pressure. In contrast, the mean value of systolic blood pressure was significantly higher in the crash group. Before test all participants declared that they felt fresh. Details are shown in the Table 1 .
All statistical tests used a level of significance α = 0.05. Calculations were performed using SPSS version 22 and Stata version 13.
RESULTS
Characteristics of the subjects
Out of the 45 participants who completed the initial examination, 35 (77%) completed the simulated bus driving test. The remaining 10 participants did not complete the driving test (8 participants experienced symptoms of simulator sickness and in 2 cases the test was interrupted due to a driving simulator defect). Out of the participants who completed the simulated driving test, 14 drivers (40%) escaped the collision and 21 drivers (60%) crashed. The Table 1 shows the characteristics of the crash vs. no-crash group. 
Results of ophthalmological examination
Results of visual function tests indicated that none of the participants showed abnormalities adversely affecting their driving. In the crash group -6 drivers (28%), and in the no-crash group -8 drivers (33%) wore glasses. Detailed data and results from the eye examinations will be published in a future manuscript.
Analysis of visual strategy
Analysis of visual strategies while driving along the entire route The distribution of gaze recorded by camera 1 and 2 in the regions while driving along the entire route are shown in the Table 2 . The total percentage of gaze recorded by 2 scene cameras was about 55%. The main reason for this was that each time the driver stopped at the bus stops or a red light, he moves the head out of the visual field of scene cameras. The mean duration of the course was about 33 min, and the mean duration of stop time at each bus stop was 18 s (SD = 1.7). The driver stopped about 20 times at a red light, the duration of these stops was very disparate (between few seconds and 36 s). As shown in the Table 2 , participants' visual strategy recorded by camera 1 did not differ between crash and no-crash groups. However, participants' visual strategy recorded by camera 2 was significantly different in region 3 (R3), on which the crash drivers used to fix their gaze significantly more frequently (p = 0.049) ( Table 2) .
Visual strategy during collision situation Speed before collision and reaction time in the crash and no-crash groups are displayed in the Table 3 . The analysis of covariance indicated that reaction time to possible collision did not differ significantly between the 2 groups, despite different speeds. The Table 4 shows the gaze in different regions during the 20 s preceding the collision event for camera 1. The 
DISCUSSION
In the current study, the crash and no-crash groups were compared to select the factors that could potentially affect different visual strategies of drivers. These groups did not differ significantly in age, seniority, sleep duration on the nights before the on-work and the off-work days, BMI, tobacco use, alcohol consumption, heart rate, and resting diastolic blood pressure. The groups differed only in resting systolic blood pressure.
The current study did not find a relationship between age and inclusion in the crash group as found by other authors [9, 19, 20] . In the crash and no-crash groups, the average age and the distribution of age did not differ significantly. No age-related differences may be due to the age range of the examined drivers (31-59 years), which corresponds to the period of good psycho-physiological abilities. Moreover, the average length of employment as a bus analysis of visual strategy on the whole group recorded by camera 1 showed that participants fixed their gaze mostly in regions 2, 5 and 6. A significant difference was noted in region 6, upon which no-crash drivers fixed their gaze more often (p = 0.016). It is presented in the Figure 6 . The Table 4 also shows the gaze in different regions during the 20 s preceding the collision event for camera 2.
The analysis of covariance indicated that systolic blood pressure influenced significantly on gaze recorded by camera 2; thus, the results of gaze adjusted by this covariate are shown in the Table 4 . The analysis of visual strategy on the whole group recorded by camera 2 showed that participants fixed their gaze mostly in regions 6, 5 and 9. The no-crash group participants fixed their gaze significantly more often in region 6 (p = 0.006) and region 10 (p = 0.001). It is shown in the Figure 7 . Adjusted for systolic blood pressure.
* Statistically significant.
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11 vation of those elements provides information that helps the driver assess the situation and ensure smooth navigation [7] . The possibility of consciously noticing an object while driving (conspicuity) is very important for driving performance. Results suggest that participants in the crash group had more difficulty noticing a dangerous object than participants in the nocrash group. This was likely due to the fact that drivers from the crash group fixed their gaze significantly less in the right lower field-of-view (where the car appeared that did not respect the right of way). These results could be used for developing driver training, based on the direct analysis of visual strategies during simulated driving in order to develop the proper habits of observation of the road and hazard perception. The results obtained by Vlakveld et al. [45] seem to confirm this suggestion. The authors compared the conspicuity, or ability to note crash situation, between 2 groups of young drivers -the group trained in the RATP program (Régie Autonome de Transport Parisien -Self Governance Paris Transport) and a control group. Conspicuity of the possible collision was significantly higher in the RATP trained group [45] . Similar results were obtained by Pradhan et al. using the RATP training program [46] . Results of the analysis of the visual strategy during the 20 s prior to the crash indicated that the no-crash participants controlled peripheral field-of-vision (region 6 in camera 1 and region 10 in camera 2) significantly more than the crash drivers. These regions were most important in the visual strategy of drivers which enabled them to avoid the crash. At the current stage of the study, no generalization of the findings is possible as the study was conducted in only one highly specific traffic situation (simulated collision on roundabout)
. It is necessary to analyze some other traffic situations before one can make more definite conclusions.
Limitations of the study
One limitation in the study was the lack of registration of the entire field-of-vision. This was due to the method used for assessing the visual strategy. The eye-tracking device driver was high in both groups (23.1 years in the no-crash group and 22.3 years in the crash group), which connects with great experience in driving. This might compensate for the potential impact of age on the quality of driving.
The results seem to concur with the results of Roge et al. [43] . They found that the reduction of the useful visual field, estimated using a target-localization task, was related to the individual's ability to manage the simulated driving situation. In their study, unlike the current study, the ability to process peripheral signals and simulated driving performance deteriorated with increasing age of the participants [43] .
As the groups differed in resting systolic blood pressure, it was included in the analysis of covariance. It was found that, after adjusting for this factor, both groups fixed gaze mainly straight-ahead (region 2 in camera 1). Results of the analysis of visual strategies while driving the entire route were consistent with the data from the literature, which showed the driver of a vehicle looks mostly at the road ahead [7, 26] . Gaze difference in the visual strategy between the crash and the no-crash drivers was statistically significant in the region 6 (p = 0.006) and region 10 (p = 0.001) in camera 2. The participants in the study looked most frequently at the area of the right mirror (region 7, camera 2), due to the necessity of observing people getting in and out of the bus. These differences may result from the asymmetry of visual perception in the functional field-of-view. Seya et al. studied the response time in the functional field-of-view and eye movements during a simulated car driving [44] . They measured the time required to recognize letters located in different functional areas of the field-of-view. The authors concluded the driver's reaction time was longer for the portion of the field-of-view located to the left of the driver. This confirms our results concerning a bit shorter reaction time in no-crash group, who fixed their gaze in region 6 (low, right corner of the vision field).
The conspicuity of objects on the road, the most important source of information enabling tracking of the moving car, includes moving elements located in the field-of-view. Obser-did not contact the participant; thus, the consequence was a loss of a part of the visual field. Special glasses are often used in visual strategy examinations, although they give the opportunity to register the entire field-of-view, but might be poorly tolerated by some participants. This method, despite the limitations, does not interfere with the natural reaction of the driver. The next limitation is using a driving simulator as a research tool (not testing in a real environment), which could affect the driver's reaction including symptoms of simulator sickness.
CONCLUSIONS
The results from this study add to a growing literature on the impact of visual strategy on driving performance. In our study, visual strategies of drivers who caused the crash differ significantly from the strategies of drivers who escaped it. These results confirm the usefulness of the method of eye-tracking examination of visual strategy of drivers in collision situations. The method used proved to be suitable for achieving the aim. Although this method may be used in real conditions, it is difficult to capture the moment of collision because you never know when it will occur. It would be necessary to perform multi-day registration, with no guarantee that at this time the accident occurs. The use of a driving simulator allows for the creation of any planned collision situation and examination of a larger group using the same scenario. The results of our study justify the need for its continuation to be able to identify the most effective visual strategy, with a view to improve the safety of driving.
Practical applications
Comparison of visual strategies of the drivers who caused the crash and the drivers who escaped it has shown significant differences. These results may be used in the process of driver training, paying particular attention to the glance monitoring, especially at critical points such as crossroads.
